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Abstract 
The accumulating gas sensor principle is a promising concept to measure selectively low amounts of an analyte. 
Hereby, the change of the electrical properties of an analyte storage material serves as sensor signal. In earlier 
approaches, the sensor signal integrates only the concentration, in other words, the sensor signal is independent on the 
gas flow rate. In order to overcome this drawback, a novel setup is presented, in which all incoming analyte 
molecules are stored, so that the sensor signal is proportional not only to the timely integration of the analyte 
concentration but also to the integration of the gas flow. With this setup, a real amount measurement is possible. 
© 2011 Published by Elsevier Ltd. 
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1. Accumulating gas sensing concept and basic sensor setup 
The accumulating sensing principle is a new and promising concept to measure accurately a small 
amount of a gaseous analyte species. Initial work has recently been shown [1, 2]. In contrast to common 
gas sensors, which measure the actual concentration of an analyte cgas, the accumulating sensing principle 
is based on the idea of detecting the total amount of the gaseous species Agas, with  
Agas = ³ cgas(t)ÂV (t) dt  (1)
V  is the gas flow. By observing the change of the electrical properties of a thin layer of storage material 
during storing of the analyte gas molecules one obtains information about the total amount Agas of the 
analyte molecules being present in the gas. The storage material is the key component. It has not only to 
provide a sufficient selectivity to the analyte gas, but also it has to accumulate the analyte by acting as a 
real integrating device. The higher cgas is, the more analyte must be stored. In addition, distinct electrical 
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parameters (like the resistance change ǻR calculated from impedance data at a fixed frequency in [1, 2]) 
must correlate in a defined (preferably linear) way with the stored amount of analyte. At a defined 
regeneration step subsequent to the detection interval, the material has to desorb the formerly stored gas 
molecules to recover its storage sites.  
Benefits of this accumulating sensing principle are: 
• The actual gas concentration cgas(t) can be calculated from the derivative of the sensor signal,  
dAgas(t)/dt. Thus, two different pieces of information can be obtained with just one sensor: the total 
amount of the analyte species Agas and the curve of the actual concentration cgas.  
• Per definition, no baseline drift of the sensor signal at 0 ppm occurs, since the zero point is self-
defined after the end of the regeneration.  
• Lowest concentrations of an analyte gas are accumulated and contribute to the sensor signal. 
The sensor is made of an alumina substrate with gold interdigital electrodes covered by a thin layer of a 
storage material as sensitive element (Fig. 1a). Like in [1, 2], we used a material as it is known in 
automotive exhaust gas aftertreatment for so-called lean NOx traps (LNT) for NOx storage and reduction 
(NSR) catalysts. Its impedance changes selectively when NOx is stored in the material [3]. According to 
[2], NO and NO2 gave the same result. The optimum temperature is between 350 °C and 400 °C. 
(a) (b) 
Fig. 1. (a) Concentration accumulating sensor design  (b) Sensor response to NO concentrations from 0 to 10 ppm NO as indicated 
on the right axis at different gas flows, V  = 200, 300, and 400 ml/min 
The setup as described in [1, 2] and in Fig. 1a has one major disadvantage. Only if the gas flow V is 
constant, the sensor signal is proportional to the amount of the molecules, Agas. This is shown in Fig. 1b. 
The sensor signal is a real accumulating one, but instead of being proportional to the gas flow, the sensor 
signal is independent on the gas flow. It is not the aim of this contribution to improve or characterize the 
sensor material but to show and prove a way how one comes from concentration integration to real 
amount measurements. 
2. Results for the concentration integrating principle
The sensor, with the design as shown in Fig. 1a was placed in a heated quartz tube (T = 350 °C) with 
an inner diameter of di = 0.92 mm. All tests were conducted in a synthetic gas of 10 % O2, 5 % CO2, 2 % 
H2O and 0 - 10 ppm NO, balanced with N2, at different flow rates of V = 200, 300 and 400 ml/min. In 
Fig. 1b, the sensor response to different NO steps from 0 to 10 ppm for 150 s each for different flow rates 
is shown. The relative resistance change |ǻR|/R0 increases in the presence of NO with a linear correlation 
between the slope and the actual NO concentration (R0 = R(t=0)). At 0 ppm NO (450 - 600 s), the sensor 
signal remains constant proofing the excellent holding ability of the sensitive storage layer. The curves 
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corresponding to different flow rates are almost the same. The accumulated amount of NOx molecules is 
dependent on the actual concentration in the gas, but unlike in Eq. (1) independent on the flow rate. This 
can be explained by the fact that the sensitive layer accumulates only a small fraction of the NOx
molecules being in the gas. In other words, the gas flow is so high that the sensor material surface always 
sees the applied gas concentration. Therefore, the sensor signal is proportional to the integral of the 
concentration on time and the sensor can be called a concentration accumulating type sensor.  
3. Amount accumulating sensor 
Since the sensor signal of the presented sensor setup changes proportional to the NOx concentration in 
the gas but independent on the flow rate (concentration integrating sensor), a new design was developed 
to measure the real amount of the gaseous analyte species. In general, two sensors like in Fig. 1a but with 
a longer sensitive layer zone are brought together to form a small channel similar to a channel in an 
automotive catalyst (Fig. 2). The distance and the lengths of the sensitive layers are adapted to the gas 
flow properties in a way that all NOx molecules that enter this channel-type device can be stored in the 
sensitive layer and thus can contribute to the sensor signal. Therefore, the amount of stored molecules is 
dependent on the analyte concentration and on the flow rate (at least in a certain range) and for that 
reason, the sensor signal is directly proportional to the total amount of NOx in the gas flow.  
Fig. 2. Channel-type amount integrating sensor design (a) 3D plot, (b) cross-section perpendicular and (c) parallel to the flow 
direction. 
To confirm that all NO molecules are stored in the sensitive layer of the new sensor device and really 
do contribute to the sensor signal, a second amount integrating type sensor with a shorter sensitive layer 
(l = 7 mm) was placed directly downstream of the channel-type sensor device. As soon as the signal of 
this second sensor increases, NOx is passing the first sensor, indicating that the first sensor is not able 
anymore to store all offered molecules and that the proportionality between sensor signal and total amount 
of NOx gets lost. Both sensors were located in a quartz tube and sealed off so that the gas stream was 
forced through these channel-type devices. 
Fig. 3a shows measurement results of the amount integrating sensor. Alternating steps of 20, 10 and 
0 ppm NO for 150 s each at different total flow rates (V  = 30, 40, 50 and 60 ml/min) were conducted. 
Like in Fig. 1b, the sensor behaves like an accumulating device. The sensor signal increases in the 
presence of NO but remains constant at 0 ppm NO. With increasing flow rates but at the same NO 
concentration, the sensor signal change increases. Similarly, the slope increases with increasing NO 
concentrations at a constant flow rate.  
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(a) (b) 
Fig. 3. (a) Sensor responses of two sensors in series to an alternating dosing of 20, 10 and 0 ppm NO for the duration of 150 s each 
at different flow rates, V  = 30, 40, 50 and 60 ml/min; The first sensor is a channel-type one, acc. to Fig. 2; (b) Characteristic lines 
of the amount integrating sensor measured at different flow rates, V  = 30, 40, 50, and 60 ml/min  
The signal of the second sensor downstream of the channel-type first sensor did not change its value 
during these test periods, indicating that no NO passes the first sensor at any tested flow rate. In other 
words, a full NOx storage occurred in the sensitive layer of the channel-type first sensor. Therefore, the 
signal of the first sensor is directly proportional to the total offered amount, ANO, and this sensor setup can 
be used as an amount accumulating sensor. The amount integrating behavior becomes clearly visible from 
Fig. 3b. Here, the relative resistance change |ǻR|/R0 is plotted vs. the amount of NO, ANO, that flew 
through the channel-type sensor, with ANO = ³ cNO(t)ÂV (t) dt. Up to |ǻR|/R0 ≈ 40%, the relative resistance 
change and the amount of NO depend linearly from each other, almost independent on the flow rate.  
In summary, this sensor setup is suitable to detect the amount of the gas, even if the gas flow varies. In 
future, we intend to extent this principle to other sensor materials that accumulate analyte molecules and 
change their electrical properties during this accumulation. One of the first selections will be materials 
used for other automotive catalysts, since some of them are applied due to their gas storage capability. At 
the same time, their degree of storage can be determined electrically [4].   
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